It has long been known that, when certain conditions are fulfilled, a visible reflection takes place from the deep-seated parts of the eyes of some animals, and even of the human eye in certain abnormal states; so that the pupil assumes a luminous aspect, and a yellowish or pinkish colour, instead of appearing black. But it is only of late years that the knowledge of this fact has been turned to any practical advantage, and that the possibility of obtaining a distinct view of the deep-seated parts of the living eye in detail?demonstrated on the eye of the cat by M?ry in the beginning of the last century?has been brought to bear upon the diagnosis of disease in the human eye, and upon the advancement of our knowledge of its physiology.
A view of objects situated at the fundus of any eye, tlie refracting media of which possess a certain degree of transparency, may be obtained by the use of the ophthalmoscope properly handled; but almost every beginner finds considerable difficulty in managing his instrument so as to obtain the desired result, and finds much greater difficulty in the examination of some eyes than in that of others, without his being able to assign a satisfactory reason for the difference.
In order that an observer may see any object distinctly, it is necessary that light coming from points on its surface should enter his eye in sufficient quantity, and that the rays coming from any given point of the object, and striking upon his eye, should do so in such a manner that they may be brought to a focus on the retina after they have passed through the refracting media.
The quantity of light which may be required depends, not only upon the acuteness of the observer's vision and upon the absolute intensity with which the object is illuminated, but upon the relation which subsists between its brilliancy and that of surrounding objects.
Every one knows the difficulty of seeing the interior of a chamber lighted by a small aperture, when it is looked at from the outside, even though the chamber may appear well lighted to those within it. Thus, if we attempt to look through the window of a room from the other side of the street, we find it difficult to see the opposite wall of the room, because each point on its surface, instead of having light falling upon it from every direction, as it would have if it were in the open air, is illuminated by a cone or pyramid of light, the apex of which coincides with the point in question, while its angle is determined by the size of the window and the depth of the room. If the room is lined with a dark-coloured paper, the difficulty of seeing even light-coloured objects within it will be greatly increased; because, while their direct illumination is still faint in comparison with that of objects outside the house, they derive very little additional brilliancy from light reflected about from one wall of the room to another.
Several circumstances of the kind just mentioned combine to render it almost impossible to see objects on the retina of the living human eye in ordinary cases ; but there are others still more important, which must be taken into account in devising the means of overcoming the difficulty.
It is obvious that if the aperture by which a chamber is illuminated is small in proportion to the depth of the chamber, an observer will not see a point on its opposite wall, unless his eye is pretty nearly in line with the point and with the external source of the light; because the whole light which goes through the aperture and falls upon the point, and the whole light which on the Ophthalmoscope. passes through the aperture on its return from the point, are both confined to the same narrow conical space, limited by the angle which the aperture subtends at the point in question. If the observer's head is much larger than the aperture, he will find it difficult to place himself at any convenient distance nearer the aperture than the source of light is, so that light from the point which he wishes to see may enter his eye, without shutting off all the light from the interior of the chamber; while, if he places the source of light between himself and the aperture, his own eye will be dazzled. All this applies to the examination of the human eye ; but the most important obstacle which we have to overcome is to be found in the refracting properties of the eye under examination.
It is always difficult to see objects situated nearly in the principal focus of such a dioptric apparatus as the eye, when they are both illuminated and seen by means of light which has passed through the refracting media. Let e ( fig. 1 ) represent an eye; let the dart, A2 b2, represent the flame of a lamp or candle placed opposite to it j and let the eye E be accommodated for the distance of the flame.* All the light which comes from the point A2, and enters the eye E will be brought to a focus at the point A3; and no light from other parts of the flame will fall upon the point A3. All the light which is reflected from A3, and which emerges from the eye will, according to optical principles, return to A2, where the rays will cross each other. The light returning from the point A3, and the light going to A3, will accordingly be confined to a space limited by the lines A2a, aA3, A3a, and aA2, and which we may regard as occupied by two luminous cones united at their base, which is very little wider than the pupil of the eye e. Now, if an observer were to place his eye in any part of the space above mentioned, his head would shut off all the light proceeding from the point A2 to the point A3 ; and if he placed himself to one side of the luminous cone, none of the light returning from the point a3 would enter his eye. He might, no doubt, retire behind a2, and some of the light from A3 might then enter his eye after the rays had crossed each other in A2; but, in this case, he would be dazzled by the flame itself, and he could not place a screen between the flame and himself, without shutting cut from his own eye all the light which had returned from the point a3 and passed through the point a2. The same thing would hold good of any point on the retina of the eye E.
If the eye E were not adjusted for the distance of the flame, the light from the point A2 would not be all concentrated upon the point A3; but it would be distributed over a space of nearlylight from b2 which would enter the eye e would be distributed in a circle round b3 ; and, if the circle were large enough, some of the light from b2 might fall upon A3.
All the light reflected from a3 and returning directly through the pupil will, after emerging from the eye, proceed to a point very nearly in the line a3 a2, or in a continuation of that line beyond A2; or else, if the eye is abnormally presbyopic, it will diverge as if it radiated from a point behind a3, in the continuation of the line A2 a3. In this case, it may still be impossible for an observer to place his eye nearer to the eye E than the flame is, and in such a position that any of the light from the point a3 may enter it, without shutting off from the eye E all the light from the point a2 ; but he may be able to The problem now before us is, to place the observer so that his eye will be nearly in the axis of the cone of light emerging from the eye under examination, so that no part of his person will intercept the light on its passage from its source to the eye observed, and so that he will be shaded from the direct light of the flame; and, at the same time, to modify the direction of the rays whieh pass from the one eye to the other, so that they will ultimately be brought to foci on the observer's retina. This problem was solved by Helmholz, who placed a bundle of glass plates, having their surfaces parallel to one another, in a position similar to that of the reflector RR', in figure 1; so that straight lines drawn from the centre of the reflector through the centre of the flame ab, and through the centre of the pupil of E, the eye under examination, would make equal angles with the reflecting surface. Light coming from such a point as A in the flame, and included between the lines A a and A a3, will be partly reflected at the surfaces of the glass plates, and sent to a3, on the retina of e, and part will pass through the glass. Light reflected on the Ophthalmoscope. from As, and thrown out of the eye E, will again strike the reflector, and part will be reflected towards A, while part will Eass through the glass and go towards A2. If the observer places is eye behind the reflector, and between a2 and As, some of the light from A3 will enter it; and he may screen himself from light coming directly from the flame AB, by having his glass plates framed obliquely in the end of a short tube through which he looks at the eye E. In the case represented in fig. 1 , an observer so placed would see the reflection from the interior of the eye, e, but -he would not see the details of the fundus oculi distinctly, because the rays from each point, such as A3, are converging -when they fall upon his eye, and would be brought to foci in front of his retina. This is remedied by placing an appropriate lens in front of the observer's eye, so as to change the convergence of the rays into divergence. The lens may be made to fit into the tube already mentioned; and we have now an instrument similar in its more essential particulars to the ophthalmoscope of Helmholz.* Various improvements and modifications of the ophthalmoscope have been produced since its first invention; but they all resemble the original one in their most important part?viz., a reflector of some sort, through the centre of which the observer looks at the eye which he wishes to examine. And the first thing to be learned in using any ordinary ophthalmoscope is to hold it so that some part of the area on the fundus oculi under examination, which is illuminated by light coming from the reflector, shall be in line with the pupil of the eye observed, and with the pupil of the observer's eye. This is comparatively easy when the illuminated area is large, and it is more difficult when it is small; but it can always be attained by moving the instrument slightly, so as to alter the angle at which the reflecting surface is inclined to the eye of the patient, and to the flame of the lamp. When the observer has caught sight of the reflection from the fundus of the patient's eye, he will soon learn by practice to direct the light upon the particular parts which he may wish to examine, either by altering his own position and that of the ophthalmoscope, or by directing the patient to look at various objects in different parts of the room successively.
After the observer has acquired the power of thus illuminating the patient's eye, he will find that a great many circumstances This angle of reflection will also be equal to the angle A A2a formed at the intersection of the perpendicular A a2 and the line a a a2, which is the direction line of the reflected ray aa, produced through a, so that a and A2 are equidistant from the reflecting surface.
In like manner, the incident ray A a3, and the reflected ray a3 a, are inclined at equal angles to the perpendicular, A A2 ; and from this it is obvious that the reflected rays, a a and a3 a', are inclined to one another at an angle equal to that at which the incident rays A a and A a3, are inclined to one another; and that the direction lines of the reflected rays a a and a3 a', will meet in the point A2, situated in the perpendicular A A2, and as far behind the reflector as the point A is before it.
Similarly, rays which originally radiated from the point B will proceed after reflection at the surface R r', as if they radiated from the point b2 ; and an eye placed at E would see an erect image of A B in the position A2 b2.
The image A2 b2, is termed a virtual image, because it is made up of the imaginary foci of rays, which come in reality from the reflecting surface, but which seem to come from these imaginary foci. Concave Spherical Reflectors.?1. If the focus of a pencil of rays incident on a concave spherical surface is situated in front of the surface, and at a distance from the apex greater than the principal focal distance of the reflector, the rays of the corresponding reflected pencil will converge to a real focus in front of the reflector, and further from its apex than the principal focus is.. Thus the rays Aa, Aa3, incident on the surface R R' in figure 2, would converge after reflection to the point A2 but for the interposition of the eye E.
2. If the focus of the incident pencil is in front of the reflecting surface, and at a distance from the apex equal to that of the principal focus, the reflected rays will follow lines of direction parallel to one another.
3. If the focus of the incident pencil is in front of the reflector, and nearer to the apex than the principal focus, the reflected rays will diverge, and have an imaginary focus behind the reflector.
4. If the rays composing the incident pencil converge towards an imaginary focus behind the reflector, the reflected rays will converge to a real focus in front of the reflector, and nearer to its apex than the principal focus is. The angle of refraction?that is, the angle which the direction line of a ray so deflected makes with a straight line drawn through the surface and at right angles to it at the point of incidence?bears such a relation to the angle of incidence that, for the same media, the sines of the angles of incidence and refraction are always similarly proportioned to one another* Thus, if we represent the sine of the angle of incidence of a ray passing from air into glass by the number 3, and the sine of the angle of refraction of the same ray by 2, and the sine of the angle of incidence of another ray passing from air into glass by 6, the sine of the angle of refraction of the second ray will be represented by 4.
When the ray is refracted in passing from the medium which has the less refracting power into that which has the greater, it is deflected towards the perpendicular, so that the angle of refraction is less than the angle of incidence. When it is refracted in passing from the medium which has the greater refracting power into that which has the less, it is deflected away from the perpendicular, so that the angle of refraction is greater than the angle of incidence. each surface of the second medium, so that the angle of deviation at the second refraction is equal to the angle of deviation at the first; and, as these angles are on opposite sides of the direction line followed by the ray while passing through the second medium, the direction line of the ray, after it has been twice refracted, will be parallel to the line of direction which it followed before the first refraction.
The refracted pencil will have its diameter somewhat diminished as compared with what it would have been had there been no refraction of any of its rays, if the incident pencil consists of divergent rays ; and somewhat increased, if the incident pencil consists of convergent rays ; but the axis of the refracted pencil will be parallel to that of the incident one, and it will be nearly in the same straight line writh it if the refracting body is very thin j while the divergence or convergence of the rays composing the refracted pencil will be the same as the divergence or convergence of those composing the incident one. In all other cases, the rays composing the refracted pencil have only an approximation to a common focus, which is more nearly accurate the smaller the segment of the sphere constituting the refracting surface is, and the less the direction of the incident pencil is inclined to the axis of the surface; or else they are only approximately parallel to one another.
A pencil composed of rays refracted at a spherical surface has a common optical axis with the incident pencil corresponding to it; and this axis lies in a straight line drawn through the focus of the incident pencil and the centre of curvature of the refracting surface.
A spherical refracting surface has two principal foci?the one the focus of the refracted pencil corresponding to a principal pencil consisting of parallel rays passing from the medium which has the less refracting power into that which has the greater; the other the focus of the refracted pencil corresponding to a principal pencil composed of parallel rays passing from the medium which has the greater refracting power into that which has the less. The distance of the one principal focus from the centre or apex of the refracting surface is equal to the distance of the other from the centre of curvature of the surface. These distances depend on the length of the radius of curvature of the surface, and on the relative refracting powers of the media.
If the surface of the medium which has the higher refracting {>ower presents a convexity towards the medium which has the ower, and if the rays composing the incident pencil have their focus between the refracting surface and its centre of curvature, the rays of the refracted pencil will converge less than those of the incident pencil, when the light is entering the medium of higher refracting power; and they will diverge more than those of the incident pencil when the light is entering the medium of lower refracting power. If the surface of the medium which has the higher refracting power presents a concavity to that which has the lower, There is a point in the axis of every lens through which, if we draw a straight line in any direction, it will make equal angles with the two surfaces at the points where it cuts them. A ray which passes through this point in the axis will be refracted, so that its line of direction, after the second refraction, will be parallel to its line of direction before the first, as if it had passed through two plane refracting surfaces parallel to one another; and if the thickness of the lens is disregarded, as it may generally be, the ray may be regarded as passing through unrefracted. The foci of the incident and refracted pencil to which such a ray belongs will both be situated in its line of direction. The point in the axis of the lens above referred to is termed the optical centre of the lens, and a straight line drawn through it, and through the focus of an incident pencil, is regarded as the optical axis of that pencil, and of the corresponding refracted one. When the surfaces of a double convex lens have equal radii of curvature, the optical centre is equidistant from them.
The principal foci of a double-convex lens are equidistant from the optical centre, and in the case of glass lenses having surfaces of equal curvature, the principal focal distance, measured from the centre, is equal to the radius of curvature of one of the surfaces.
1. When the focus of a divergent pencil, incident on a doubleconvex lens, is at a distance from the optical centre greater than the principal focus of the lens, the rays of the corresponding refracted pencil converge to a real focus on the other side of the lens. Thus, the rays coming from the point A, in fig. 3 In this case the substance of the higher refracting power presents a convex surface to that of the lower. The optical centre is in the body of higher refracting power, and so is the principal focus for rays refracted on entering that body, while that for rays emerging from it is in the medium of lower refracting power. If we term the latter the anterior, and the former the posterior principal focus, we find that the distance of the anterior from the optical centre is equal to the sum of that of the posterior and the length of the radius of curvature; and, by dividing the one distance by the other, we get approximately the indices of refraction for rays entering and emerging from the denser medium; so that, provided the radius of curvature and one of the principal focal distances are known, we have the necessary elements for calculating the foci both of rays entering and of rays emerging. fig. 2 ) represent the flame as before; er' a concave reflecting surface of 2 inches focal distance, with its apex at a distance of 4 inches from the flame, and distant 1 inch from c, the optical centre of the eye E, which is the same in its dimensions as the eye in fig. 1 , and supposed to be similarly adjusted.
The rays composing the pencils Aa, Aa3, and Bb, Bb3, and incident on the reflector, would, but for the interposition of the eye E, come to real foci at the points A2 and b2 in the axes Ac A2 and Be b2, drawn through c,f the centre of curvature of the reflector^ * The proportion between the size of the eye and the distances, &c., represented in these diagrams, is of course different from what it would really be in almost any actual case; but this does not affect the application of the principles illustrated by them to real cases.
f It has been necessary to shift the position of the point c in this diagram, from &, which is the real centre; because, owing to the obliquity with which the light falls upon the reflector, none of the rays represented in the diagram will really cross each other in lines drawn from a and b, through c'. But the rays which originally came from a and b, and which are represented in the diagram, will cross very nearly in the points a2 and b2 respectively. It must be observed that this and other slight inaccuracies in the drawing of the diagrams 2, 3, and 4, are attributable to the obliquity with which the light is made to fall on the reflectors, while the distances are calculated as if the pencils incident on the reflector were principal ones, and the foci are represented as if there were no spherical aberration, and the images as if there were no distortion. These circumstances, however, do not much affect the general truth of our conclusions. and at distances from the apex equal to the distances of A and B from the same point (formula i.). Thus we have at A2 b2 an inverted image of the flame, equal in size to it; and this image would be real but for the interposition of the eye E. The rays belonging to pencils converging towards A2 and b2, and incident on the eye E, will be brought to real foci in the axes, a2 c A2 and b2 cb2, at distances from c which may be found by formula vi., and will form a real image at A3 b3, erect with regard to the image a2 b2, and inverted with regard to the flame. After crossing one another at A3 and b3, the rays of each pencil will again diverge, and go to form circles of dispersion round the axes upon the retina, which is supposed to be behind the posterior principal focus of the refracting surface, and of course behind A3 b3, which is in front of it. If the rays were brought to foci on the retina, the linear dimensions of the illuminated area would, in this case, be to those of the flame as 1 to 3, and the area as 1 to 9: but it is somewhat increased by the circles of dispersion.
3. Combination of convex reflector with double convex lens? reflector held close to eye under examination.
Let AB ( fig. 3 ) represent the flame, ll' a double convex lens, supposed to be about 1J inch focal distance, and placed about inches from the centre of the flame, RR' a convex reflector, placed with its apex at a distance of 4 inches from the flame, and 1 inch from the optical centre of the eye E, which is adjusted as formerly, and let the focal distance of the reflector be 1J inch.
Rays coming from A and B, and incident on the lens ll', would, but for the interposition of the reflector, be brought to real foci at a' and b', in the axes Ac' a' and Be' b', at distances from c', the centre of the lens, which may be found by formula i.; and an inverted image of the flame would be formed at a' b', the centre of which would be at a distance from c' equal to that of the centre of the flame A B; so that the image would be nearly equal in size to the flame, while its centre would be at a distance of about 1 inch from the reflecting surface.
The foci of rays proceeding towards a' and b', and incident on the surface rr', will, after reflection, be changed from a' and b' to a2 and b2, points in the axes ca' a2 and cb' b2, drawn from c, the centre of curvature of the reflector, through a' and b', and their distances may be calculated by formula iv.
Thus, but for the interposition of the eye E, we should have an image at a2b2, erect with regard to the image a'b', but inverted with regard to the flame ab, and its centre would be in this case about 4 inches from the apex of the reflector, while its linear dimensions would be to those of the image a' b', or the flame ab, as 4 is to 1.
Kays having their foci at A2 and b2, and incident on the eye E, will, after refraction, be brought to real foci at A3 and b3, in the axes, a2 CA3 and b2 cb3, at distances from c which may be found by the formula vi.; and from these points they will diverge and form circles of dispersion round the axes upon the retina. If a3 and b3 were upon the retina, the linear dimensions of the area illuminated would be to those of the image A2 b2 as 1 is to 3, and to those of the flame ab as 1 is to ?; but they will be somewhat larger, in consequence of the circles of dispersion.
4. Combination of concave reflector with double convex lens? reflector held at some distance from eye under examination, and lens a little in front of eye.
Let E (fig. 4) be the eye under examination; let ab be the flame of a lamp; let rr' be a concave reflector, of 2 inches focal distance, held with its apex at a distance of 6 inches from the flame, and 5A inches from c, the optical centre of the eye e, adjusted as formerly; and let ll' be a double convex lens, of ? of an inch focal distance, held so that its centre, c', is 4?
inches from the apex of the reflector, and about 1-rV inch from c.
Bays coming from A and b, and incident on the reflector, will be brought to real foci at a2 and b2, in the axes Ac a2, bc b2, drawn from A and B through c, the centre of curvature of the reflector, and will form a real inverted image A2 b2, at a distance of 3 inches from the reflector (form, i.), and half the size of AB.
Rays coming from A2 and B2, which are at a distance of 1J inch from c', would, after refraction, be brought to real foci at a' and b', in the axes, A2 ca' and B2 cb', but for the interposition of the eye, E. The distances of a' and b' from c will be 1J inch (form, i.), and the linear dimensions of the image a' b' will be equal to those of the image A2 b2, or half those of the flame ab.
Rays which have their foci at a' and b', and enter the eye e, will, after refraction, be brought to foci at A3 and B3, in the axes, A'c and b'c, and at distances from c which may be found by form. vi. An image will be formed at As b3, erect with respect to the image a'b', and to the flame, but inverted with respect to the image a2 b2 ; and the rays will diverge from points in it, forming very large circles of dispersion, overlapping one another on the retina. The linear dimensions of the illuminated area on the retina will, in this case, be to those of the image a'b' as 4 to 1, or to those of the flame as 2 to 1, with a certain addition, due to those parts of the circles of dispersion which lie to the outer side of the lines drawn from C through A' and b', and which are comparatively small in the present case.
Extent of area illuminated.?It will be seen on inspecting the diagrams, that there are two circumstances which mainly determine the extent of the area of the fundus oculi which is illuminated, viz.:?first, the magnitude of the angle which is subtended at the optical centre of the eye by the image of the luminous source in which the foci of rays incident on the eye are situated; that is to say, the angle A2CB2, in figs. 1, 2, and 3, or the angle a'cb' in fig. 4 ; and secondly, the size of the circles of dispersion, if there are any formed upon the fundus oculi. It does not follow, however, that the increase in the illuminated area produced by the presence of circles of dispersion is exactly proportioned to the area of each of these circles, or even to the relation which one of them bears to the whole illuminated area, because they may overlap one another to a great extent, as in fig. 4 ; but it is only those portions of the circles of dispersion which lie outside the straight lines limiting the angle above mentioned that come to tell in increasing the area illuminated.
The greater the angle which the optical axis of a pencil, refracted at the eye, makes with the axis of the eye at the optical centre, the less accurately will the point where the axis of the pencil meets the fundus occuli be in the centre of the circle of dispersion formed by the rays of the pencil; indeed, there may be case3 in which it lies outside the circle of dispersion altogether.
The axes of the pencils, which are formed of rays which originally came from the extreme points of the source of light, are the lines which limit the angle alluded to above ; and, if they are inclined to the axis of the eye, and if circles of dispersion are formed by rays which belong to these pencils, and which have been already brought to foci in the eye, the greater part of each will fall to the inner side of the point where the axis meets the fundus oculi; whereas, if they are formed by rays whose foci are behind the eye, the greater part of each will fall to the outer side of the axis, so that the area illuminated will be larger in the latter case than in the former. Thus, if e (fig. 5) were adjusted so that rays coming from a flame AB, came to foci at A2 and b2, and formed an image there, the illuminated area on the retina would have the diameter ab ; whereas, if it had its refracting power altered without altering its dimensions, so that the foci should be at a3 and b3, the illuminated area would have the diameter a/3, although the circles of dispersion would be the same size in both cases.
If there is no lens interposed between the eye and the reflector (as in figs. 1, 2, and 3), the angle which is subtended at the optical centre of the eye by the reflector itself, or by that portion of it which is illuminated by light passing through the lens (in fig. 3 fig. 3 is employed?the sooner will the result be attained.
In such a case as that represented in fig. 4 , the limit of the angle which can be subtended at the optical centre of the eye by the illuminated area on its retina, will be the angle subtended at the same point by the magnified image of the reflector as seen through the lens by the eye ; and this limit will be more or less accurate according to the focal adjustment of the eye.
The nearer the optical centre of the eye is to the centre of the reflecting surface, the more nearly will the angle subtended by the image A2 b2 at the optical centre of the eye correspond with the angle which a2 b2 subtends at the centre of the reflecting surface; and in the cases represented in figs. 1 and 2, this angle will always be equal to the angle which the flame subtends at the same point. In such a case as that represented in fig. 3 , the angle which the image a' b' subtends at the apex of the reflector is equal to the angle which the image A2 B2 subtends at the same point.
We may, then, lay down the following principles regarding the extent of the area illuminated :?
1. Reflector as close as possible to the eye illuminated. ? The larger the source of light is, and the nearer it is to the reflector in the cases represented in tigs. 1 and 2, the larger will the illuminated area on the retina be, unless the distance between the optical centre of the eye and the apex of the reflector is considerable in proportion to the focal distance of the latter, because these are the circumstances which go to increase the angle subtended both at the reflector and at the eye by the image a2 b2 ; while in the case represented in fig. 3 , the larger the source of light is, the larger, ceteris paribus, will be the image A' b', and the nearer a' b' is to the reflecting surface, the larger will be the angle which it subtends at the centre of the reflecting surface, and consequently the larger will be the angle which A2 b2 subtends at the same point, and at the optical centre of the eye.
In cases where the source of light is so large that its image subtends a larger angle at the optical centre of the eye than the reflector does even when held close to the eye, the larger the reflector is, the larger will be the area of the fundus oculi illuminated.
When the image a2 b2 subtends a very small angle at the optical centre of the eye, the increase in the illuminated area due to circles of dispersion of a given diameter will be both proportionally and absolutely greater than when the angle subtended by A2 b2 is large, if the circles are formed by rays already brought to real foci in the eye; and it will be proportionally greater, but not necessarily absolutely greater, if the circles are formed by rays whose foci are behind the eye. In any case in which circles of dispersion affect the size of the illuminated area, it must be remembered that the larger the pupil of the eye is, the larger will be the circles of dispersion.
Intensity of Illumination.?The intensity of the illumination will depend, in the first place, upon the intensity of the light which emanates from the source, and upon the proportion of it which is lost by transmission or absorption at the reflecting surface, or by reflection at the surfaces of the media through which it passes, and absorption in its passage through media of imperfect transparency. (fig. 4) .
When a concave reflector is held close to the eye, and at a distance from the flame greater than its own focal distance, these objects will almost always be attained in greater or less perfection; and the same will hold good for any arrangement, by which the image of the flame formed by the foci of pencils incident on the eye is behind it, and by which the eye cannot adjust itself for the reflector in consequence of its too great proximity, or of the interposition of a lens. Under such circumstances, the larger part of the circles of dispersion formed by rays which have crossed one another in the image a3b3 (figs. 1,2, 3, and 4), will be thrown to that side of the axes of the pencils to which they belong, which is next to the centre of the illuminated area, and the central part will thus be illuminated with the least possible increase in the size of the whole illuminated area.
Practical Remarks.?It will be seen by inspecting the diagrams 1, 2, and 3, that when the reflector is held close to the eye, the area illuminated will be slightly larger, ceteris fig. 4 , because the area seen by the observer is smaller in the former ones.
(To be continued.)
